FRONT COVER-Instrumental Intensity for the simulated magnitude 7.8 ShakeOut Scenario earthquake overlaying a shaded-relief terrain map for a portion of the eight-county Southern California regional study area. Lowest intensities are in blue while highest intensities are in red. A portion of the San Andreas Fault is symbolized in black. California county boundaries are illustrated using a dashed-line symbology and county names are annotated in gray.
Introduction
The Multi-Hazards Demonstration Project (MHDP) is a collaboration between the U.S. Geological Survey (USGS) and various partners from the public and private sectors and academia, meant to improve Southern California's resiliency to natural hazards (Jones and others, 2007) . In support of the MHDP objectives, the ShakeOut Scenario was developed. It describes a magnitude 7.8 (M7.8) earthquake along the southernmost 300 kilometers (200 miles) of the San Andreas Fault, identified by geoscientists as a plausible event that will cause moderate to strong shaking over much of the eight-county (Imperial, Kern, Los Angeles, Orange, Riverside, San Bernardino, San Diego, and Ventura) Southern California region (Jones and others, 2008) . This report uses selected datasets from the U.S. Census Bureau and the State of California's Employment Development Department to develop preliminary estimates of the number and spatial distribution of commuters who cross the San Andreas Fault and to characterize these commuters by the industries in which they work and their total earnings. The analysis concerns the relative exposure of the region's economy to the effects of the earthquake as described by the location, volume, and earnings of those commuters who work in each of the region's economic sectors. It is anticipated that damage to transportation corridors traversing the fault would lead to at least short-term disruptions in the ability of commuters to travel between their places of residence and work.
Data Sources
Two datasets providing national coverage of journeyto-work information from Census 2000 were obtained from the U.S. Census Bureau. Special Tabulation Worker and earnings data covering the years 2000 to 2006 were obtained from the State of California's Employment Development Department. These data include total wages by county and North American Industry Classification System (NAICS) code (State of California, 2007a), total industry employment by county and NAICS code (State of California, 2007b) , and total civilian employment by county (State of California, 2007c) . The total industry employment (or total wage and salary employment) by county is a count of jobs by work location while total civilian employment is a count of working people by residence location. Additionally, the total industry employment dataset does not include business owners, self-employed persons, unpaid volunteers, or family workers and private household workers, while the total civilian employment dataset does include them (State of California, 2006) .
Methodology
To estimate the potential disruption of the normal commuter flows across the San Andreas Fault, some simplifying assumptions were made. Only commuters both living and working in the eight-county Southern California region were considered; in-commuters and out-commuters were not included. Also, while the region has an extensive network of faults, only the southern extent of the San Andreas Fault, which almost completely bisects the region, was treated as an obstacle to commuting. It should be noted that while using the full southern extent of the fault served as a convenient means of defining regional commuting patterns relative to the fault, extending the analysis to the northern boundary of the region exceeds the 300-km extent defined by the ShakeOut Scenario's slip distribution model output. This model describes the amount and distribution of ground movement patterns associated with the earthquake. Future refinements to this analysis would replace this simplified linear obstacle with more specific surface rupture segments identified from the slip distribution model output.
Finally, it was assumed that all practical commuting routes were completely contained within the region and that all transportation corridors crossing the southern segment of the San Andreas Fault were equally affected by the simulated M7.8 earthquake.
A shapefile depicting the San Andreas Fault was derived from a spatial data layer of faults (U.S. Geological Survey, 2004) through selection of the fault name attribute. It was then used to select all census tracts from a HAZUS boundary file (U.S. Department of Homeland Security, 2006) which were intersected by the fault. Three resulting subsets of census tracts were then distinguished as being either to the west or east of the fault or as lying on the fault. By associating the unique census tract identifiers with the census tract-level data of STP 64, each individual commuter flow was classified as crossing the fault (residence and work tracts on opposite sides of the fault), not crossing the fault (residence and work tracts on the same side of the fault), or possibly crossing the fault (any combination involving tracts on the fault with others on the fault or tracts on either side). From these classified flows, the spatial distribution of the combined volume of the sources and destinations of commuter flows by census tract were mapped. County-level flows and flow directions relative to the fault were also cross-tabulated to produce regional flow matrices. Given the irregularity of the size and shape of census tracts, the mapped commuter flow volumes were normalized by census tract area.
The STP 86 worker and earnings data were crosstabulated by county and industry to produce a regional flow matrix. Due to differences in methodologies between the two data sources, the county-level worker flows do differ somewhat between the STP 86 and STP 64 data. However, the difference in each county-to-county flow as a proportion of each county's total flow amounts to 0.5 percent at most and 0.1 percent on average. The mean earnings reported for each worker flow in STP 86 were multiplied by the total workers in each flow to obtain the total earnings for each flow.
Because the data from the two U.S. Census Bureau products were based on results from the 2000 Census, additional data were obtained from the State of California Employment Development Department as a means to estimate how growth in the region since 2000 might have affected commuting patterns and exposure of the region's economy to the effects of the earthquake in the interim. The percent change in total civilian employment and total industry employment by county were calculated for the period from 2000 to 2006. This was also done for total industry wages by county for the period from 1999 to 2005. These percentages were then applied to the Census data to obtain a rough approximation of exposure in a time period closer to the current date. It should be noted that changes to the methodologies and procedures associated with estimating industry wages do hinder the comparability of wage data between time periods (State of California, 2007d).
Commuter Fault-Crossing Estimates
The spatial distribution of total commuting volume (whether crossing the fault or not) is concentrated, as anticipated, in areas of high population density ( fig. 1 ). In 2000, of over 8 million Southern California intraregional commuters, more than 3.5 million of them commuted within Los Angeles County (table 1) . San Diego and Orange Counties each had internal commuting levels of over 1 million each. The greatest intercounty flows were between Los Angeles and Orange Counties in both directions and from San Bernardino County to Los Angeles County. Each of these flows was in excess of 100,000. The breakout of flows by their directionality also indicates the predominance of commuter flows west of the fault (table 2) .
The spatial distribution of commuters who cross or possibly cross the fault is, as anticipated, a function of proximity to the fault as well as population density ( fig. 2 ). Of these approximately 250,000 commuters, over 78,000 of them commuted within San Bernardino County (table 3 ). An additional 67,000 commuted within Los Angeles County, with Riverside County rounding out the highest intracounty flows at over 33,000. The highest intercounty flows were from San Bernardino County to Riverside County (nearly 15,000) and from San Bernardino County to Los Angeles County (approximately 11,000). These highest flows are summarized in figure 3 . The estimates reported for Imperial County were particularly adversely affected by the methodology used. A single census tract covering most of the eastern half of the county is only marginally intersected by the San Andreas Fault. It is unlikely that many commuters to, from, or within the county would find it necessary to take a route leading them over the fault. This runs counter to the results that suggest nearly 40 percent of these commuters crossed or possibly crossed the fault.
Appendix 1 provides an industry-level breakdown of county-to-county worker and earnings flows derived from STP 86 data in tabular format. These data describe all workers as opposed to only those who commute across the fault. While the distribution of total workers across industries does not directly translate to the industry distribution of the subset of workers who cross the fault, some general characterizations can be made about the structure of the economies where these commuters live and work and might provide at least some insight into what the composition of this subset of commuters might be. Focusing on the largest fault-crossing flows summarized in figure 3 , the Service sector is consistently the largest component of the total flows of which the subset of fault-crossing flows are a part. This holds true in terms of workers and earnings. As a percentage of the five total flows that include the top five fault-crossing flows, the Service sector accounts for 23 to 31 percent of worker flows and 20 to 30 percent of earnings flows. Without additional data describing the distribution of the fault-crossing commuters and their earnings across industries, it can not be concluded that the The values reflect the total volume of both the incoming and outgoing commuters for each census tract. As would be expected, the highest volumes are in the areas with the highest population density (for example, the cities of Los Angeles, San Diego). predominance of the Service sector similarly characterizes this subset of commuters. The composition of the total flows, however, does suggest the potential exposure of the Service sector to the disruptions of commuting attributable to the simulated earthquake. Using available State of California Employment Development Department data, the growth of the regional economy between 2000 and 2006 in terms of employment and wages can be estimated to get a better sense of commuting patterns and exposure in a more recent time period. Since total civilian employment counts workers by their county of residence and total industry employment by their county of workplace, the differential in the rate of change of each might be an indicator of how the sources and destinations of worker flows and thus commuting patterns and associated earnings are changing over time. Taking two opposing examples, Kern County experienced 17 percent growth in total civilian employment (those residing in Kern County) and an approximate 15 percent increase in total industry employment (those working in Kern County) while San Bernardino County experienced 18 percent growth in employment for those living in the county and a 22 percent increase in those working in the county (table 4). The initial indication is that Kern County is growing faster as a source of employees while San Bernardino is growing faster as a source of jobs. By extension, this could suggest that Kern County is experiencing an increase in commuter outflows and San Bernardino County is experiencing an increase in commuter inflows.
Discussion
The analysis provides preliminary estimates of total and fault-crossing commuting flows. The inclusion of industry and earnings data helped to generally characterize these flows and to establish a basis from which more detailed numerical and spatial estimates could be produced. Additional industry-level commuter and earnings data along with geocoded business establishment by industry data could provide an opportunity to more directly relate the characteristics of total flows to the fault-crossing flows and to disaggregate the census tract-level flows by industry and associated earnings. Future research refinements to the fault-crossing commuting flow estimates could include the addition of a transportation network layer as well as traffic count data and modeled road damage estimates. These additional data would assist in validating commuter flow volumes and more precisely identifying critical crossing points along the southern San Andreas Fault. Commuting routes disrupted by the surface ruptures modeled in the ShakeOut Scenario, along with alternative commuting routes could, in turn, be identified and applied when developing estimates.
The current analysis did not take into account the full fault network within the region. In the event of a M7.8 earthquake, it is anticipated that other faults in the network would cause additional damage to transportation networks and further disrupt commuting. Also, the analysis focuses on the travel between the origin and destination without considering the impact on the economy of the damage at either endpoint. Particularly for those closest to the fault, these damages would likely be a more immediate concern and be of more lasting impact than the disruption of the commute. 
